Despite its central role in the theory of incentives, empirical evidence of a tradeoff between risk and incentives remains scarce. We reexamine this empirical puzzle in a controlled laboratory environment so as to isolate possible confounding factors encountered in the field. In line with the principal-agent model, we find that principals increase fixed pay while lowering performance pay when the relationship between effort and output is noisier. Unexpectedly, agents produce substantially more in the noisy environment than in the baseline despite lesser pay for performance. We show that this result can be accounted for by introducing agents' loss aversion in the principal-agent model. Our findings call for an extension of standard agency models and for a reassessment of apparently inefficient management practices.
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Unexpectedly, we find that, in sharp contrast with the theoretical predictions of the principalagent model, agents exert more effort and produce significantly more in the noisy environment than in the baseline despite lesser pay for performance. We show that this striking result can be accounted for by introducing agents' loss aversion in the standard principal-agent model. In this model, principals hedge agents against losses by reducing performance pay similarly to the classical tradeoff between risk and incentives. In this model, however, loss-averse agents may exert more effort in the noisy environment than in the baseline despite weaker incentives. This is the case because loss-averse agents strive to avoid the losses that follow from the realization of negative shocks. We find direct support for the loss aversion model by showing that, in our experimental setting with noise, loss-averse agents increase their production after incurring losses. This positive effect of loss aversion on work performance is consistent with previous research studying the effect of framing incentives as either "gains" or "losses" (e.g. Fryer et al. 2012; Hossain and List, 2012) . These field experiments show that framing incentives as "losses" (punishments) leads to higher performance of teachers (Fryer et al. 2012 ) and manufacturing workers and supervisors (Hossain and List, 2012) than framing incentives as "gains" (rewards).
These results contrast with standard agency theory which would predict a null framing effect.
Our findings contrast even further with standard agency theory as they contradict the prediction that agents should exert less effort in the noisy environment.
The increase in agents' production in the noisy environment also implies an increase in principals' profits. More generally, this suggests that principals may benefit from designing work environments and labor contracts that induce high levels of risk and uncertainty. This observation echoes a growing body of research that shed light on the positive implications of contractual opacity on work performance (e.g. Bernheim and Whinston, 1998; Ederer, Holden and Mayers, 2014; Jehiel, 2014) . These works, however, do not incorporate loss aversion reflecting instead on the importance of information asymmetry and verifiability. Our findings hinge upon the behavioral assumption of loss aversion and thus do not rely on the completeness of the contractual setting or on the distribution of information across parties.
Our findings suggest that recognizing the motivational effect of loss aversion in risky environments may alter the conclusions of agency models in a broad range of contractual settings. Our work also calls for a reevaluation of the well-accepted and influential expectancy theory of motivation (Vroom, 1964) according to which workers are expected to exert higher effort in contractual environments that closely tie effort to performance. 
THEORETICAL FRAMEWORK
Our analysis builds on the LEN (linear exponential normal) principal-agent model which has been widely used for its tractability (Milgrom and Roberts, 1992; Laffont and Martimort, 2002; Bolton and Dewatripont, 2005; Besanko et al. 2012; Gibbons and Roberts, 2013) . In this model, the principal is assumed to be risk neutral while the agent is assumed to be risk averse. The risk neutrality of the principal is typically justified by the possibility to diversify risk by allocating resources to various employees and projects.
In this setting, the principal first proposes a linear contract to the agent ( , ) where and represent the fixed pay and the share of total output ( ) that will be paid to the agent. The agent then decides whether to accept or reject the contract in which case he would receive an outside payment ( 0 ). In case the agent accepts the contract, he exerts a level of effort ( ). Even though the principal cannot observe the level of effort of the agent, she can observe the output of effort, = + , where ∼ (0, 2 ). After observing , the principal pays the agent ( ) according to the terms of the contract so that: = + . The principal maximizes expected payoffs ( − ), where represents the value for the principal of each unit of output. The agent maximizes his expected utility which is assumed to be exponential:
where ( ) is the cost of effort function, ′(. ) > 0 and ′′ (. ) > 0, and is the coefficient of absolute risk aversion. In this model, maximizing the utility function of the agents amounts to maximizing his certainty equivalent: + − ( ) − 1 2 2 2 (e.g. Milgrom and Roberts, 1992) .
One important implication of the model is the existence of a tradeoff between risk and the intensity of incentives provided by the principal ( ). An increase in incentivizes the agent to work harder as it increases the weight of performance pay in the contract, however, it also increases the variance of the agent's pay. The optimal contract is for the principal to select an intermediate value of that incentivizes the agent to exert effort while not inducing an unbearable amount of risk. As a result, the presence of noise in the evaluation of the agent's performance ( 2 > 0) leads the principal to decrease while increasing fixed pay ( ) so as to provide insurance to the agent. Also, managers will propose contracts with lower risk levels (a lower and a higher ) to agents who are perceived to be more risk averse (higher ).
The two key predictions of the model are the existence of "incentives effects" and the "tradeoff between risk and incentives" (Lazear and Oyer, 2013) . We summarize these conjectures below.
Hypothesis 1 (Tradeoff between risk and incentives)
a) We expect principals to offer a lower share of production and a higher fixed pay in the presence of noise than in its absence. b) In the presence of noise, we expect principals to offer a lower share of production and a higher fixed pay when they perceive agents to be risk averse than when they do not.
Given that principals pay a lower share of production to agents in the presence of noise, the standard LEN principal-agent model predicts that agents will produce less in the presence of noise ( 2 > 0) than in its absence ( 2 = 0).
Hypothesis 2 (Incentives effects)
We expect agents to exert less effort and produce less in the presence of noise than in its absence.
EXPERIMENTAL DESIGN

Virtual Workplace with Real Effort and Real Leisure
We develop a framework in which subjects can undertake a real-effort task while having access to a real-leisure alternative (browsing the Internet) at any point in time during the experiment. The idea is to construct a laboratory environment in which on-the-job shirking is commonly observed so as to be able to uncover subtle incentives effects (Corgnet, HernanGonzalez and Schniter, 2014) .
The laboratory setting allows the experimenter to control for possible confounding factors commonly encountered in the field such as organizational hierarchies or implicit incentives. The experimental environments will only vary on the noisiness of the relationship between effort and output. The work task, the incentive schemes and the stakes will remain constant across treatments.
Organizational Roles
We consider two types of subjects referred to as B (agent) and C (principal). At the beginning of each of the 6 periods, subjects were randomly assigned to one of these two roles. As a result, subjects could either be an agent or a principal depending on the period. Each agent was randomly matched with a single principal. During a period, agents could dedicate their time to 5 either completing the work task or browsing the web while principals could only browse the Internet.
The Work Task
We consider a real-effort summation task that is particularly long and effortful (e.g. Niederle and Vesterlund (2007); Eriksson, Poulsen and Villeval (2009); Dohmen and Falk (2011) ).
Subjects would sum up matrices of 36 numbers comprised between 0 and 3 for one hour, divided into 10-minute periods, with no breaks in between. Each table completed correctly generated 40-cent of agent's production ( ) while a penalty of 20 cents was subtracted from the agent's production for each incorrect answer. Subjects were not allowed to use a pen, scratch paper or calculator. This rule amplified the level of effort subjects had to exert in order to complete the task correctly. Our work task was designed to reduce as much as possible the intrinsic motivation derived from the task itself. An example of the work task is shown in Figure 1 . FIGURE 1.-Example of table summation for the work task.
Internet Browsing
At any point during the experiment, agents could switch from the work task to the leisure activity that consisted of browsing the Internet. Each activity was undertaken separately, in a different screen so that subjects could not sum tables while being on the Internet. Subjects were informed that their use of the Internet was strictly confidential. Subjects were free to consult their email or visit any web page. 2 The Internet browser was embedded in the software so that the experimenter could keep record of the exact amount of time subjects spent on each activity.
Contracts
At the beginning of each period, principals were endowed with 200¢. Principals had to propose a linear contract to the agent by offering a non-negative fixed pay ( ) (in the limit of their 200¢ endowment) as well as a share (β) of the agent's production. Because the fixed pay cannot be 1 Penalties did not apply when individual production was equal to zero so that individual production could not be negative. 2 Subjects were expected to follow the norms set by the university regarding the use of Internet on campus.
6 negative, the agent cannot transfer money to the principal. 3 Agents could either accept or reject the offer. In case of acceptance, the agent would be rewarded according to the agreed-upon contract. The agent would then be able to work on the task or browse the Internet for leisure purposes. In case of rejection, the agent would only be able to browse the web for a fixed payment of 150¢ and the principal would keep his or her initial endowment of 200¢.
Treatments
We conducted two treatments. The earnings for the agent and the principal in the baseline and noise treatments were computed as described in Table 1 . In both treatments, if the agent rejects the principal's offer, the agent receives 150¢ and the principal receives 200¢. If the agent accepts the offer, the principal receives a fixed pay as well as a variable pay. The principal's fixed pay is equal to her initial endowment minus the fixed pay offered to the agent (200 − ). The variable pay is equal to the share of the agent's production the principal kept for herself ((1 − )×(Agent production)).
The earnings of the agent differ across treatments. In the noise treatment, the agent's earnings are affected by an additive random Shock that takes values -100¢ or +100¢ with equal chances.
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The magnitude of the Shock is equivalent to 2.5 correct tables which corresponds to about 30% of the agent's production level in the baseline treatment. The principal, however, was not affected by the Shock in the noise treatment so as to induce risk-neutrality (Smith, 1976) .The risk neutrality of the principal is a standard assumption in the LEN model which we do not test in the current design. Instead, we chose to induce risk neutrality and study the prediction of the model regarding risk sharing between the principal and the agent (Hypothesis 1). 
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We must acknowledge that the baseline treatment is not free from risk considerations. The relationship between the agent's effort and the agent's production is not strictly deterministic whenever considering a real work task. For example, the agent may find the solution of a given summation problem by chance. Also, agents may not know their ability on the task with certainty. Given the low complexity of the task, however, we believe that the amount of risk affecting the agent is limited in the baseline compared to the noise treatment. For example, luck is unlikely to be an important factor in the performance of the agent on the summation task.
Also, agents are likely to be accurate in assessing their summation skills.
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In this paper, we are interested in assessing the tradeoff between risk and incentives. To that end, we only needed to create an environment (the noise treatment) which was riskier for the agent than the baseline environment. Our main question is to assess whether risk-neutral principals effectively insulate agents from the additional amount of risk they face in the noise treatment. Doing so would lead principals to offer a higher fixed pay but a lower share of production in the noise treatment than in the baseline.
Procedures
Our subject pool consisted of students from a major U.S University. We conducted a total of ten sessions with ten or twelve subjects each for a total of 106 subjects. Subjects were randomly assigned to treatments (54 in the baseline and 52 in the noise treatment).
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The experiment was computerized and all of the interaction was anonymous. The instructions were displayed on subjects' computer screens. Subjects had exactly 20 minutes to read the instructions. A 20-minute timer was shown on the laboratory screen. Three minutes before the end of the instructions period, a monitor announced the time remaining and handed out a printed copy of the summary of the instructions.
Subjects' risk attitudes and social preferences were elicited at the end of each experimental session. We elicited risk attitudes following Holt and Laury (2002) by asking subjects to make ten binary lottery choices. One lottery (out of 10) was selected at random for each player and used for payments. We also elicited subjects' beliefs about others' risk attitudes. To that end, we asked them to guess the ten lottery choices of another subject selected at random in the same experimental session. We used their guesses in this task to approximate their beliefs about 8 others' risk attitudes. Two subjects were picked at random in each session for payments. The predictions of the first subject were used to forecast the second subject's lottery choices. The guesser was paid $1.00 for each correct answer (see Appendix D.1). We also elicited social preferences à la Bartling et al. (2009) by asking subjects to make four choices between two possible allocations of money between themselves and another anonymous subject with whom they were randomly matched in the same experimental session (see Appendix D.2). Finally, we collected a self-reported measure of math skills by asking subjects to rate their math skills using a 7-point scale from poor to excellent.
Subjects were paid their earnings in cash. Individual earnings at the end of the experiment were computed as the sum of the earnings in the 6 periods and their earnings in the beliefs elicitation tasks. Subjects earned on average $25.3 completing the one-hour task in addition to a $7.00
show-up fee. The hourly payment for the task was three times larger than the minimum wage in the state where the experiment took place. Experimental sessions lasted on average two hours.
RESULTS
We start the results section by comparing principals' offers across treatments. We then study contract acceptance, effort and production levels. In our analysis, we use linear and probit panel regressions with random effects and robust standard errors. This leaves us with a total of 324 (54×6 periods) observations for the baseline and 312 (52×6) observations for the noise treatment.
Principals' contract offers
In this section we consider all principals' offers regardless of whether they were accepted or not by the agent.
Contract offers across treatments
In line with Hypothesis 1a, we find that principals offered on average a higher fixed pay and a lower share of production in the noise treatment (95.7¢ and 38.7%) than in the baseline (90.3¢ and 42.5%). Treatment differences in the fixed pay and in the share of production are significant (see last column in Table 2 ). In line with theory, we also report a negative and significant Spearman correlation coefficient between fixed pay and production share in both the baseline (-0.22, p-value = 0.013) and the noise treatment (-0.42, p-value <0.001).
Contract offers and risk attitudes in the noise treatment
We investigate Hypothesis 1b by assessing the link between principals' beliefs about others' risk attitudes and their offers in the noise treatment. We follow Holt and Laury (2002) and consider the number of safe choices in the ten binary lottery choices to categorize subjects' own risk attitudes and subjects' beliefs about the risk attitudes of others (see Table 3 ). 8   TABLE 3 . Subjects' risk attitudes and beliefs about others' risk attitudes.
Own risk attitudes
Subjects (proportion) [Holt & Laury, 2002] Beliefs about others' risk attitudes Subjects (proportion) Risk averse The distribution of subjects in each "own risk attitudes" category does not significantly differ from the results reported in Holt and Laury (2002) (Pearson χ² test, p-value = 0.260). In line with previous research, we report widespread risk aversion in our sample. Additionally, although subjects seem to perceive others as slightly less risk averse than themselves, we report no differences between the distribution of "own risk attitudes" and the "beliefs about others' risk attitudes" (Pearson χ² test, p-value = 0.697).
In line with Hypothesis 1b, we expect principals who perceive others as more risk averse to provide additional insurance to agents by offering them a higher fixed pay and a lower share. We support this conjecture in Table 4 where we report average fixed pay and share of production according to principals' beliefs about others' risk attitudes. In the noise treatment, subjects' beliefs about others' risk attitudes may have been affected by agents' decisions to accept or reject offers. This endogeneity issue regarding beliefs about others' risk attitudes may have affected the results reported in Table 4 (All Periods columns). However, we obtain similar results when restricting our analysis to the first contract offered by a subject in which case the contract offer could not have been affected by prior agents' decisions (see last two columns in Table 4 ).
Our regression analysis confirms that principals offer higher fixed pay and lower shares when they perceived others to be risk averse than when they did not (see Table B1 in the appendix).
However, the effect is only marginally significant for fixed pay ( In line with Hypothesis 1b, we show that the comparison of contract offers between the noise treatment and the baseline crucially hinges upon principals' beliefs regarding agents' risk attitudes. For example, principals' offers do not differ across treatments when considering only the case of principals who believe others are risk neutral (see last two columns in Table 5 ). In the case in which principals believe agents are risk averse they offer significantly higher fixed pay and lower shares of production than in the baseline (see first two columns Table 5 ). 
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Contracts' acceptance
The majority of offers were accepted by agents in both the baseline (75.9%, 123/162) and the noise treatment (80.1%, 125/156). We find no difference in acceptance rates across treatments (see Table B2 in the appendix). In our regression analysis, we use as dependent variable a dummy (Accepted dummy) that takes value 1 if a given offer is accepted and takes value 0 otherwise. Not surprisingly, agents are more likely to accept the principal's offer when the fixed pay or the share of production assigned to the agent increase. However, the treatment dummy is never significant at standard levels.
Effort and production: The shocking effect of random shocks
According to Hypothesis 2, we expect effort and production levels to be higher in the baseline treatment in which incentives, as we have confirmed, are stronger than in the noise treatment. In sharp contrast with this conjecture, we observe that effort and production levels are significantly higher in the noise treatment than in the baseline. In the noise treatment, agents produce on average 19.8% more ($3.88 per 10-minute period) than in the baseline ($3.24) despite receiving significantly lower shares of production (see Figure 2 ). This corresponds to a difference in subjects' hourly production of $4. 68 (6×[3.88-3.24] ).
12 FIGURE 2.-Agents' average production per period (in $) and share of production (for accepted offers) across treatments. Production is defined as the monetary amount in US dollars generated by the agent in a 10-minute period.
We confirm the statistical significance of these differences in Table 6 . 11 In our analysis, we control for subjects' ability on the task. First, we define a dummy variable which takes value 1 if a subject has completed his or her first table correctly and value 0 otherwise. Previous research has shown the positive relationship between first table performance and ability on the task (Corgnet, Gómez-Miñambres and Hernan-Gonzalez, 2014; Corgnet, Hernan-Gonzalez and Rassenti, 2014) . Second, we use subjects' self-reported math skills. The Noise Treatment Dummy is significant and positive across all specifications, indicating higher levels of production in the noise treatment compared to the baseline. 11 We do not include fixed pay and production share as independent variables in the same regression so as to avoid collinearity issues. However, our findings are robust to introducing both variables (or none) in the same regression. In addition, agents exert more effort in the noise treatment than in the baseline. We assessed effort by studying the number of tables agents completed as well as the time spent working instead of browsing the web (see Table 7 and Table B3 in the appendix for the statistical analysis). 12 In the noise treatment agents completed 17.7% more tables than in the baseline and spend substantially less time browsing the web (7.8%) than in the baseline (13.9%). These differences are statistically significant (see Table B3 , p-values < 0.05). The increase in production in the noise treatment compared to the baseline is explained both by a decrease in internet browsing and by an increase in productivity, measured as the agent's production per minute spent on the task screen. ($0.15) Given the higher level of production in the noise treatment than in the baseline, it is not surprising that principals' earnings were significantly higher in the presence of noise (see last two columns in Table B3 ). The average hourly earnings for principals were equal to $19.7 in the noise treatment compared to $16.8 in the baseline. This result contrasts with the prediction of the standard principal-agent model. According to this model, principals should earn less in the noisy environment than in the baseline as they need to ensure agents against risk by paying them higher wages. We find the exact opposite. So, why are agents more productive and principals better off in the noise treatment than in the baseline despite weaker incentives?
THE SHOCKING EFFECT OF RANDOM SHOCKS: POSSIBLE EXPLANATIONS
Risk attitudes
One may attempt to explain the positive effect of noise on effort, production and principals'
earnings by referring to atypical risk attitudes. However, as we showed in Section 4.1, our subjects' risk attitudes closely mimic the original results reported in Holt and Laury (2002) showing that the majority of subjects are risk averse. We also showed that principals purposefully adjust offers to their perception of others' risk attitudes. Note that in the extreme case in which principals perceive agents as risk seeking, they should offer agents higher shares of production in the noise treatment than in the baseline which is in contradiction with our empirical results. One remaining possibility is that risk-averse agents as measured using binary lottery choices à la Holt and Laury (2002) are risk seeking when deciding to undertake a realeffort task with noise. For this explanation to be consistent with lower shares offered to agents in the noise treatment than in the baseline, it would still have to be the case that principals misperceive agents as being risk averse when undertaking the real-effort task. This misperception of agents' risk attitudes is unlikely in our experimental design given that principals also played the role of agents.
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Nonetheless, we conducted an additional treatment recruiting a total of 60 subjects to inquire on risk attitudes in our real-effort task environment (see Appendix D.3 for details). Using a strategy-method approach, we asked subjects, for a given share of production, the minimum fixed pay they would be willing to accept for working on the 10-minute summation task instead of receiving an outside payment of 150¢ to browse the Internet. We asked subjects to consider both a certain and a random scenario in which their earnings were computed as for the agents in our baseline and noise treatments, respectively. The two scenarios were presented in random order. We classify a majority of subjects (65%) as risk averse as they demanded, on average, a greater fixed pay to accept completing the work task in the noise treatment (118.5¢) than in the baseline (109.9¢). 13 These findings help us to discard the fact that agents may have been risk seeking in the context of our real-effort experimental environment.
14 We now consider two seminal behavioral theories which have been widely used to account for a number of apparent anomalies: social preferences (see e.g. Fehr and Schmidt, 1999; Charness and Rabin, 2002) and loss aversion (see e.g. Kahneman and Tversky, 1979; Tversky and Kahneman, 1992) .
Social preferences
Previous research has shown the importance of other-regarding preferences to explain subjects' behaviors in a wide range of experiments including dictator, ultimatum, public good and giftexchange games (Fehr and Schmidt, 1999; Bolton and Ockenfels, 2000; Charness and Rabin, 2002) . Keser and Willinger (2003; have also stressed the importance of fairness concerns in principal-agent situations. Anderhub, Gächter and Königstein (2010) show that considerations for contractual fairness and reciprocity affect principals and agents behaviors in a principal-agent experiment with chosen effort and without noise. The authors find that the most popular contract (30% of the cases) offers an equal split of the surplus between the agent and the principal. In our case, the most common offer (16.7% of the cases) was a 50% share of production with a wage of 13 For a more precise classification of risk attitudes that allows for risk neutrality, we can consider subjects as risk neutral if the average fixed pay they demanded in the noise treatment was within 10% of the average fixed pay demanded in the baseline. Using this criterion, 47.3% (30.9%) [21.8%] of the subjects were classified as risk averse (risk neutral) (risk seeking). This empirical distribution of risk attitudes does not significantly differ from the empirical distribution established using the Holt and Laury (2002) lottery techniques (see Table 4 ) (χ² test, p-value = 0.62). 14 The design of this study was aimed at eliciting risk attitudes in the real-effort task and not at studying production. The risk-elicitation study differed in a number of important dimensions (e.g. random versus human contract offers) from the original study making the study of production across scenarios uninformative (see Appendix D.3 for details).
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100¢. 15 This offer is the only one that ensures equal (expected) earnings for both the agent and the principal in the baseline (noise treatment).
To investigate the role of social preferences in our setting, we introduce other-regarding preferences in the LEN principal-agent model presented in Section 2 following Rotemberg (1994) and Charness and Rabin (2002) . 16 In both models, the authors capture distributive preferences by the weight ( ) w each person assigns to the other person's monetary payoffs (certainty equivalents in our case) in his or her utility function. In our case, this implies that the principal will maximize the following function:
2 2 ] whereas the agent's certainty equivalent becomes:
] is the weight the principal (the agent) assigns to the agent's (principal's) certainty equivalent. We solve this extended version of the LEN principal-agent model similarly to the standard model (see Appendix A) and show that the tradeoff between risk and incentives continue to operate in the presence of social preferences.
We summarize our conjectures below.
Proposition 1 (Principal-agent model with social preferences)
In the presence of social preferences, principals offer lower shares and higher wages to agents in the presence of noise than in its absence. Agents exert less effort and produce less in the presence of noise.
Proposition 1 shows that the main implications of the principal-agent model are robust to introducing social preferences. Social preferences affect, however, the magnitude of the tradeoff between risk and incentives. For example, if agents assign a large weight to the principal's payoffs the tradeoff between risk and incentives will be milder. This implies that the principal will select incentives levels ( ) in the noise treatment that are almost as high as in the baseline while paying a fixed pay ( ) that is only slightly higher. However, accounting for social preferences does not help explain why agents exert more effort in the noise treatment than in the baseline despite receiving weaker incentives to produce. 15 The proportion of this type of offers was 20.3% (12.8%) in the baseline (noise treatment). The difference of proportions across treatment was only marginally significant (p-value = 0.073). 16 Alternatively, one could include inequity aversion à la Fehr and Schmidt (1999) in the LEN principal-agent model following the steps of Englmaier and Wambach (2010) .
In our social preferences model, we have not introduced reciprocal concerns as is the case, for example, in Charness and Rabin (2002) . It may be argued that agents respond favorably to principals' offers in the noise treatment because they provide generous insurance to the former.
In contrast with the gift-exchange argument, however, fixed pay does not affect agents' production levels in our setting as is shown in Table 6 . Also, accepted offers in the noise treatment are actually less generous than in the baseline. The fixed pay for accepted offers is only 3.7¢ higher on average in the noise treatment than in the baseline and this difference is not significant (p-value = 0.341). 17 The modest increase in the fixed pay for accepted offers in the noise treatment is more than offset by the lower share of production in the noise treatment (40.6%) than in the baseline (45.1%). 18 The decrease in share of production implies, considering the average level of production in the baseline treatment (388¢), an average decrease in agents' earnings of 17.5¢ in the noise treatment compared to the baseline. Not surprisingly the share of total earnings obtained by the agent was lower in the noise treatment (44.9%) than in the baseline (47.1%).
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In order to further assess the impact of social preferences, we replicate the regression analyses 2). All our findings are shown to be robust to these additional controls (see Appendix C). In most of the cases, social preferences dummies are not statistically significant. One exception is the fact that egalitarian or ahead-averse principals tend to offer a higher fixed pay to agents. Ahead-averse principals also offer higher shares of production to agents (see Table C1 ).
Shocking or not shocking: The role of loss aversion
We now turn to loss aversion as a possible explanation for the fact that agents produce significantly more in the noise treatment than in the baseline despite weaker incentives.
Numerous studies have shown that behavior is affected by reference points (see Kahneman and Tversky, 2000 for a review). More precisely, evidence from psychology (Heath, Larrick, and Wu, 1999) suggests that the marginal utility of a dollar is strictly higher below the reference 18 point than above. This implies that people will behave differently whether their currents earnings are below or above their reference earnings. Relatedly, Fehr and Goette (2007) found that lossaverse bike messengers reduced their effort as a result of a wage increase as they were able to surpass their daily income target with less effort. Relatedly, the fact that loss aversion may lead to an increase in production has been noted by Sloof and van Praag (2010) in a real-effort experiment in which agents work under a pre-specified incentive contract (i.e. an incentive contract specified by the experimenter). More recently, field works have shown that using a loss frame rather than a gain frame led people to exert higher effort (Fryer et al. 2012; Hossain and List, 2012) .
We assess whether loss aversion can account for our experimental findings by developing a standard principal-agent model with loss averse agents. We consider a piecewise linear specification of the value function to isolate the effect of loss aversion from risk attitudes (see e.g. Fehr and Goette, 2007) . The principal is assumed to be risk neutral as in the standard principal-agent model while the agent is assumed to be loss averse. We consider a random shock that takes value or -with equal probability so that the output of effort observed by the principal ( ) is either = − or = + . We consider that the agent is in the loss domain if the random shock is negative and is in the gain domain, otherwise. We are thus assuming that the earnings of the agents are systematically below their reference level ( ) whenever the random shock is negative and above their reference level whenever the random shock is positive. To account for our experimental results, we only need to assume that a positive proportion of the subjects satisfy this assumption. We may still have a number of subjects who do not respond to random shocks because they have particularly low or particularly high reference earnings.
In our model, the principal maximizes expected payoffs ( e − ) while the agent maximizes the following function:
where > 1 is the degree of loss aversion. We consider the following specification: ( ) = 2 . The principalagent problem is solved as follows.
, e − ( + )
Solving this maximization problem, we obtain that
. We observe that loss aversion similarly to risk aversion leads to a decrease in the strength of incentives ( ) in the presence of noise ( > 0) compared to the case in which there is no noise ( * = if = 0). Under loss aversion, an increase in incentivizes the agent as it increases the weight of pay-for-performance, but, it also increases the magnitude of potential losses incurred in the presence of the negative shock (-). The optimal contract is for the principal to select an intermediate value of that incentivizes the agent to produce while not inducing an unbearable amount of potential losses. As a result, the tradeoff between risk and incentives identified in the standard model is replaced by a similar tradeoff between potential losses and incentives. However, the loss-aversion model differs from the one with risk aversion as weaker incentives need not entail a decrease in production in the presence of noise. In the absence of noise ( = 0), the optimal level of effort is such that ). This follows from the fact that negative shocks force the agent into the loss domain where, as is assumed in reference-dependent models, the marginal product of effort is higher than in the gain domain.
We summarize our findings as follows.
Proposition 2 (Principal-agent model with loss aversion)
In the case of loss averse agents, principals offer lower shares of production and higher wages in the presence of noise than in its absence. Loss averse agents may exert more effort and produce significantly more in the presence of noise for sufficiently high levels of loss aversion.
Proposition 2 is consistent with the fact that agents exert more effort in the noise treatment than in the baseline despite principals offering lesser pay for performance. The fact that an increase in 20 The condition that the agent is not systematically in the loss domain in the absence of noise is automatically satisfied if, for example, we assume that the reference point is equal to the agent's earnings in the absence of noise ( = * =0 + β * =0 * =0 ).
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the level of noise may be beneficial to the principal echoes a growing body of research studying the positive implications of contractual opacity on work performance (e.g. Bernheim and Whinston, 1998; Ederer, Holden and Mayers, 2014; Jehiel, 2014) . These works do not incorporate loss aversion, however. Instead, they reflect on the structure and on the partition of information that render opaque contracts optimal.
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To obtain direct evidence of the effect of loss aversion in the principal-agent model, we recruited back the subjects who participated in the noise treatment one month after completing the original study. We offered a $13 show-up fee to complete a loss-aversion test. Forty out of the fifty two subjects who participated in the original noise treatment came back for the test.
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Subjects were asked to complete a loss aversion test which was derived from Gächter, Johnson and Herrmann (2010) and Fehr, Goette and Lienhard (2013) . Subjects have to accept or reject each of six lotteries involving losses. Depending on the lottery, subjects can lose up to $6 which would be subtracted from their $13 show-up fee (see Appendix D.4). Subjects are characterized as loss averse as long as they reject the last two lotteries. 23 We find that a majority of subjects (34 over 40) are loss averse in line with our theoretical conjecture and consistently with the data reported by Gächter, Johnson and Herrmann (2010) . The median estimate of loss-aversion ( = 1.5) coincides with the value reported in Gächter, Johnson and Herrmann (2010) when using a piecewise linear loss function as is assumed in our theoretical model. We study the effect of loss aversion in a regression analysis by creating a dummy variable capturing the history of shocks (Loss Domain Dummy). This variable takes value 1 if a subject has incurred more negative than positive shocks as an agent and value 0 otherwise. We are assuming that subjects perceive that they are in the loss domain whenever they have experienced more negative than positive shocks. We show in Table 8 that agents' produce significantly more when they are in the loss domain (10.9) than when they are not (9.2). We study the relationship between agents' production for different samples of subjects and for different histories of shocks. We consider the samples of loss-averse (column 3) and not-loss-averse subjects (column 4), separately.
21 Bernheim and Whinston (1998) argue that when some aspects of work performance are not verifiable it may be optimal to leave verifiable aspects of performance unspecified. Jehiel (2014) shows that non-transparent contracts are optimal in principal-agent models with moral hazard whenever the principal's information has more dimensions than the action of the agent. Ederer, Holden and Mayers (2014) show that when the agent has more information than the principal, leaving aspects of the contracts unspecified may be optimal for the principal. 22 We find no differences in average production levels for those subjects who came back (9.5) and those who did not (10.1). We use a panel regression with random effects and robust standard errors with a participation dummy (taking value 1 if a subject came back for the loss aversion test and value 0 otherwise) as independent variable. The p-value for the participation dummy is equal to 0.397. 23 No subjects exhibited an inconsistent pattern by switching back and forth between accepting and rejecting the lotteries.
Interestingly, the significant increase in production is limited to loss-averse subjects in line with our model. Even though the sample of subjects who are not loss averse is not large enough to conclude for the absence of an effect of the Loss Domain Dummy in this case, these results suggest that being in the loss domain does not systematically boost agents' production. We also show that the noise treatment outperforms the baseline when restricting our analysis to cases in which subjects are in the loss domain (the history of shocks is negative) whereas this is not the case otherwise (see Table B4 ). In contrast to the theoretical model, our empirical study of loss aversion has focused on the effect of realized losses instead of anticipated losses. This is motivated by the fact that, in our multi-period experimental setting, a subject is affected by the realization of previous shocks. However, the fact that agents produce on average 25.3% more in the noise treatment ($3.43) than in the baseline ($2.73) in their first working period (when no losses had yet been realized) suggests that anticipated losses also matter (see Table B4 in the appendix, last column).
In sum, our empirical analysis provides support for our principal-agent model with loss aversion according to which loss-averse agents will exert more effort in the domain of losses than in the domain of gains. 24 The results of the regressions presented in this table are robust to alternative specifications controlling for production shares, fixed pay as well as subjects' skills.
CONCLUSIONS
The mixed evidence regarding the tradeoff between risk and incentives in the field instigated our study. Our goal was to assess the relevance of this tradeoff in a controlled environment in which the two experimental treatments only differ in the noisiness of the relationship between effort and output. In line with the standard linear principal-agent model, we found that principals were inclined to hedge agents against risk by offering less risky contracts with higher fixed pay and lesser pay for performance in the noise treatment than in the baseline.
In contrast with the predictions of the principal-agent model, agents exerted more effort and produce more in the noise treatment than in the baseline despite receiving less pay for performance. This implied that principals earned significantly more in the noisy environment.
One plausible explanation for this finding relies on agents being loss averse. In this case, the negative incentives effect of weaker pay for performance can be more than offset by the motivational effect of losses. In order to secure the participation of the agent in a noisy environment, the principal hedges the agent against unbearable losses by offering higher fixed pay and lesser pay for performance. Interestingly, the principal is better off in a noisy environment because the loss-averse agent, striving to avoid losses, works harder in the presence of noise. This suggests that in the principal-agent model with loss-averse agents, the principal will maximize payoffs by purposefully selecting the level of noisiness between effort and output ( 2 ) in addition to choosing fixed pay ( ) and pay for performance ( ). In particular, managers may be interested in designing work environments for which the relationship between agent effort and output is particularly noisy, for example, by purposefully ignoring accurate pieces of information when designing the incentive contract. From both a theoretical and empirical standpoint, a promising avenue for future research would be to evaluate whether the pervasiveness of apparently inefficient managerial practices such as ambiguous feedback, unclear expectations, office politics or recurrent changes in performance appraisal can be explained by the principal's appeal for noisy work environments.
More generally, our findings call for extending standard agency models by recognizing the motivational role of loss aversion in risky environments. Our results also call for a reassessment of the expectancy theory of motivation in the management literature (Vroom, 1964) recognizing that contractual opacity, by harnessing the motivational power of loss aversion, may lead workers to exert high levels of effort.
APPENDIX A. The LEN principal-agent model with social preferences
The principal will maximize the following function subject to the incentive and participation constraints of the agent, where u ( ) = 2 with > 0.
That is equivalent to:
First order condition:
If follows from the first order condition that: Others' Risk Aversion is a variable that takes value 1 if the principal believes others to be risk averse and value 0 otherwise. In our regression analysis, we do not separate non-risk-averse beliefs between risk-neutral and risk-seeking beliefs given the very low number (n = 4) of principals categorizing others as risk seeking. 25 In three cases, agents did not spend any time on the work task. Note that we do not compare treatments for subjects who were not loss averse since we were only able to recruit back 21 subjects who participated in the baseline, among which only 3 were not loss averse (and one of them never played the role of agent). APPENDIX C. 
Own risk attitudes (Instructions)
In this part of the experiment you will be asked to make a series of choices in decision problems. How much you receive will depend partly on chance and partly on the choices you make. The decision problems are not designed to test you. What we want to know is what choices you would make in them. The only right answer is what you really would choose. For each line in the table on the right, please state whether you prefer option A or option B. Notice that there are a total of 10 lines in the table but just one line will be randomly selected for payment. Each line is equally likely to be chosen, so you should pay equal attention to the choice you make in every line. At the end of the experiment, a number between 1 and 10 will be randomly selected by the computer. This number determines which line is going to be paid. Your earnings for the selected line depend on which option you chose in that line: option A or option B. To determine your earnings, Then, a second number between 1 and 10 will be randomly selected by the computer. This number is then compared with the numbers in the line and option selected (see the table  below) (Holt and Laury, 2002) .
D.2. Social preferences elicitation
We elicited social preferences à la Bartling et al. (2009) by asking subjects to make four choices between two possible allocations of money between themselves and another anonymous subject with whom they were randomly matched. The allocation decisions are described in the Table D2 . Option A always yielded an even distribution of money ($2 to the self and the other subject). Option B yielded uneven payoffs: ($2, $1), (3$, $1), (2$, $4), and (3$, $5) in Decisions 1, 2, 3 and 4, respectively. We classify subjects following Bartling et al. (2009) into four social preferences categories: prosocial, costly prosocial, envious and costly envious. Prosocial types prefer to distribute income equal distributions even when they have the possibility to earn more than the other subjects (in which case subjects are characterized as costly prosocial). Envy types dislike earning less than the other subject and choose Option A in the last two decisions even if it implies a lower payoff to themselves (in which case subjects are characterized as costly envious). Following Bartling et al. (2009), we characterize subjects as either ahead (behind) averse if they were both prosocial and costly prosocial (envious and costly envious). Egalitarian subjects were defined as being both ahead and behind averse.
Instructions:
You will be asked to make a series of choices in decision problems. For each line in the table below (Table D2) , please state whether you prefer Option A or Option B. Notice that there are a total of 4 lines in the table but just one line will be randomly selected for payment. Each line is equally likely to be chosen, so you should pay equal attention to the choice you make in every line. After you have made all your decisions a number between 1 and 4 will be randomly selected by the computer. This number determines which line is going to be paid. Your earnings for the selected line depend on which option you chose: if you chose Option A in that line, you will receive $2 and the other participant who will be matched with you will also receive $2. If you chose Option B in that line, you and the other participant will receive earnings as indicated in the table for that specific line. For example, if you chose B in line 2 and this line is selected for payment, you will receive $3 and the other participant will receive $1. Similarly, if you chose B in line 3 and this line is selected for payment, you will receive $2 and the other participant will receive $4. Note that the other participant will never be informed of your personal identity and you will not be informed of the other participant's personal identity. After you have made all your decisions, the computer will randomly draw a number to determine which line is going to be paid. Then the computer will randomly and anonymously match you with another participant in the experiment. While matching you with another participant, the computer will also randomly determine whose decision to implement. If the computer chooses your decision to implement, then the earnings to you and the other participant will be determined according to your choice of A or B. If the computer chooses the other participant decision to implement, then the earnings will be determined according to the other participant choice of A or B. We presented subjects with the work task environment detailed in Section 3. We described both the baseline and the noise treatments which were referred to as the certain and random scenarios. In the certain [random] scenario the earnings of the subjects were computed as for the agents in our baseline [noise] treatment. For each scenario, we used a strategy-method approach and asked subjects to choose, for a given share of production, the minimum fixed pay they would be willing to accept to work on the summation task for 10 minutes instead of receiving the outside payment of 150¢ to browse the Internet (see Table D3 ). Note that we randomized the order of the scenarios so that 30 subjects started by considering the case of the certain scenario whereas 30 subjects started by considering the case of the random scenario. Subjects had to make a total of eleven minimum fixed pay decisions per scenario since eleven different values of shares of production were considered: {0%, 10%, …, 100%}. After subjects made their minimum fixed pay decisions, an offer (a fixed pay between 0 and 200 and a share of production belonging to the eleven possible values previously considered) was randomly selected for each of the two scenarios. For each scenario, the randomly selected offer was considered to be accepted (rejected) by a subject if the proposed fixed pay was higher or equal to (lower than) the subject's minimum fixed pay for the randomly selected share of production. Thereafter, a 10-minute period started for the corresponding scenario (certain or random) where the subject could produce on the task if the randomly selected offer had been accepted or simply browse the internet if the randomly selected offer had been rejected.
The design of this experiment was aimed at eliciting risk attitudes in the real-effort task and not at studying production. As a result, the risk-elicitation study differed in a number of important dimensions from the original study. For example, the risk-elicitation study uses a within-subject design for which subjects had to consider both the certain and random scenarios instead of being randomly assigned to only one (as was the case in the original study). This was done to mimic risk elicitation in lottery settings where choices involving varying degrees of risk are jointly presented to subjects (e.g. Holt and Laury, 2002) . Second, offers were selected at random and thus did not mimic the pattern of offers of human principals of our original experiments. Third, only a subset of offers were finally accepted so that the sample size (n=22 [20] for the case in which the certain scenario was considered first [second]) was considerably smaller than in our original study.
In this setting, we categorize subjects as risk averse if they ask, on average, a higher minimum fixed pay in the random scenario than in the certain scenario.
28 Using this criterion, 65% of the subjects were classified as risk averse which is similar to the proportion of subjects who were classified as risk averse by Holt and Laury (66%) . This proportion does not significantly differ either from the proportion of subjects that we classified as risk averse in our original sample using the Holt and Laury risk-elicitation technique (p-value = 0.255 for the proportion test). On average, subjects asked for a minimum fixed pay of 118.5¢ in the random scenario compared to 109.9¢ in the baseline (Wilcoxon signed-rank test, p-value = 0.06). Also, the realeffort task risk elicitation led to a classification of risk averse and risk seeking subjects which coincides with the Holt and Laury test for 64% of our subjects. 29   TABLE D3 . Elicitation of minimum fixed pay for each of eleven possible values of the share of production (certain scenario case).
CERTAIN SCENARIO Fixed pay
If the share is 0% the minimum fixed pay you are willing to accept is:
If the share is 10% the minimum fixed pay you are willing to accept is:
If the share is 20% the minimum fixed pay you are willing to accept is:
If the share is 30% the minimum fixed pay you are willing to accept is:
If the share is 40% the minimum fixed pay you are willing to accept is:
If the share is 50% the minimum fixed pay you are willing to accept is:
If the share is 60% the minimum fixed pay you are willing to accept is:
If the share is 70% the minimum fixed pay you are willing to accept is:
If the share is 80% the minimum fixed pay you are willing to accept is:
If the share is 90% the minimum fixed pay you are willing to accept is:
If the share is 100% the minimum fixed pay you are willing to accept is:
28 There were no cases of ties. Our results are robust to considering median minimum fixed pay as a classification criterion. Also, using only a subset of the eleven shares of production does not affect the qualitative nature of our findings. 29 We assess whether this result can be only explained by chance by testing whether the proportion of correct classifications was significantly different from 50% and report a p-value equal to 0.07.
D.4. Loss aversion elicitation (Instructions)
For each of the six lotteries described below, you have to decide whether to accept or reject it. Mark the corresponding column (either Accept or Reject) with a cross. In this experiment, the gains you make you will be added to your $13 show-up fee and the losses you incur will be subtracted from your $13 show-up fee.
Once you have made a decision for each of the six lotteries, one of them will be selected at random using a die roll. Then, a coin will be flipped which will determine your final earnings.
Example: After you have made your decisions whether to accept or reject each of the six lotteries, a die is rolled. The die roll is 3 in which case lottery #3 will be played: 
